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. Systam: SRMS
Subzyxtern: ELECTRICAL 5LB-5YSTEM
Axzsambly Dese: Servo Power Amplbier

Part Numberjs): 51140F1177-3 S4FIS

e

Function: Motor Drive Amplifier Assambly Prévides mebor vollage kmsed on demand from tachometsr electronica,
Commutabes 1w motor drive voitage.  Provides: bardware curme t limfing, brake
drive, direct drive functions and srabies Backup drive, Proviges BITE circuits and
BITE varncation for MDA

Failure Mode; Loss of Cumenl Sensor FRGA 12.8 MHz or 12.8 MHzZ derived cloaxs,

HW Func. Screen Fallures
Grithcality: 2 1R

Mizsion Phas; S

Causa{s): Metor Drive Amplifier Assembly Los of 128 MMHE mystem chock 10 Cument Sensol FRGA.
Loas of Curmart Ssnsar FROM 1.6 MH2 Stk

Fallure effect an
unitfend itesmn:

Cument senaor 1.2.8 MH2 andior 1.8 MHz and 3.125 KMz clocks ang lost. Cument sensor data is lost cauaing a TGO BITE, MDA demand
voltage switch BITE clruck is ost. Carmmutator date to tha GFU, e commutation change flag and Bagsap neiay SITE may 3i30 be lost.
. Worst Casa: Unsapactes motion. Joint nunaway. Auobrakes,

Redundant Paths: Autobrakes (to Safe tha System).
Crirect Drive (IT Availabha),
Backup Drive.

stention Rationale
Dmeign:

Field Programmable Gate Arrays (FPGA'S) and ths Emar Dobastian srxd Cormction (EDACH are semi-custam microcireuits m which the besic
deslgn functional slements are desioned By the ranufacturar. The niEmonnection of thass ssments i then customized by Spar 1o peovide Tha
funchorality of the: tofphted mistsaroul. The design vlces proves iy Wctrigues and is implemened ysing CMOS technolagy. This
technology ogerates ab lowy Dovrer and Manos the devios does nol axperiencs Satificint coesmting sesces T tachnology 6 mature. and the
bazic device refabliiy I well documented. All ctracses are adaitisnally riducaed by dermiing the appropisty maRmetens in accerdance with
SPAR-RMS-FA,003 and vertihed by design reden.

This approach has a significant achamtage in that k mduces the quantiy of discrete parts meguired in the acssmoty and also the comptemdty of
th FWE and resulis in significant weighl and volume savings. THs fpe of semi-cusiom gan Fas been sunsessfiily used in tlher spars
applications.

The parts are quallibed to the requirsments of the applicable tpecificaton. They ane 1009% soreemad and bumad i 1o B requirameants of s
Spar requirements document. :
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Test:

Wiapencticd:

The SP& board |3 Tatwicates usirg Surface Maunt Technology (SMT). Thes 5 3 AWE assambly technalogy in wheh tha SOmphnants
soldered to the aokder pads on tha surfaza of tha PWE. The agnificart achantege of this technology |5 to snable the parts o the boand o
M gensely packed, 1o reducs to overal volume end waight of the assambly.

The assemply process ia highly automaled. The paris are meouiried on the boards using a Computer cartrolied “pick and place™ machine, Th
subsequent colderning operaton i perfdrmed Using & bell furnace, in which the time and termperature themal prafils that the FWE assembly |5
Expoaid o ia Hghthy controlled and optimize] (o ensure proper part sokierng atachment, The assembly 3 manufschurad urder documented
procedures and fuality sortraly. Thess comrole are susrsissd throughout the assembly, mspection and teeing of the unll. This [Nepection
incluass warkmanahip, COMpereT moUnting, scldering, and conformal ooating to ensune thal ik @ n eccordance with the NHE 5300 standards.

The SMT line used for the SPA PVWE assembly has undergone a full qualification program, end assembfes produced on this ne are used u
athar SpAcE PrograAms.

The sircuit board deaign hes been reviewed (o errsure adequate conduckr width and saparstion and o @nfirm appropriate dimensions of
solder pads and of componant hald proviehons. Fans maunting reihods are canirolled in aesvwrane e with MEFC-5TD-1544, MSFO-STD-136
wnd 3AS0 2573751, Thema docurients requine approved mounting methods, stress refiel and componant securty.

CUALIFICATION TESTS - Tha SPA s subjacted o the fallewing qualifleation testing:
VIERATION, Each adr of th OM |5 SUk|Ac e (3 FRGNT Ascapiancs Vibiration Test (FAVT), Gualification Acceptanoe Yibration Tes! {QAVT),
ard Qualification Vieration Teshs (VT in accordance with B SPA Vibration Tesl Procedyrs (£25586). The level and duration for FAVT |8 as
per Figure 6 and Tabée 2 of 825556, tha vl and dufaticnt for QAVT |3 a3 par Figurs 7 and Tabw 2 of 826586; the kevel and duration for VT i
25 per Figurar 8 and Tabla of 226688, Al ire and of tha thres stsewcive randon vibnsbes tet in sech 3, bolh directions. (+/-] of each of the
anis is subpechd to 2 shock pulse test a3 par Floure 9 of B2E56E,
THERMALMACUUM: QM TWAC Tes! is &n pesordance with Figum 5 of the SPA TVAC Taat Procadurs (SRESRE] with ful
FunclionalPararmetric Tast pefformed & lewels of +50 degrees C and 38 degrees . and non-apernling ot 54 degrees ©.  The Qualification
vacuum hvsis duing TYAC |5 14106 wiT or kesa, The total test duraben & 7 1/2 cycies. The QM SPA B subjwcte! 1o & rmindmum of 1000
hcairs of [He testing and 1000 power On-Off oyedes. '
EMC: The QM is sublected to EMGC Tesling (lests CED1/CECS, CEQT, CEQ1, G502, C504, REOZ, RS02, ard RE0Y) in sccordancs with the
SPA EMC test Procedure (B26477) basad on MIL-ETD-481 A,

UNIT FLIGHT ACCEPTANCE TESTS - Tha FM SPA S subjected to th following Sccaptance besting:
VIBRATION: FM Asesppignes Viegtion Tl (AVT) in acezrdance with the SPA Vibretion Teat Procadurs (326588, with lavsl and durstion 2
par Figura & and Tahin 2 of 226506
THERMALAACLIUM: FM TVAC Tert iz i aetrdarets with Figne 8 of the SPA TVAC Teal Procedurs {B28538) wilh keveis of +40 deg
and -25 cegraea C fora duration af 1 1/2 cyclen. The vacuum Hwls during Acoepance TvAC Tast b 110735 Wi or s

JOINT BRLU TESTE - The BPA ix lecled as part of tha joirts {ambient and vibratian tests onky). Tha amblsrmt ATP far tha Shaulkdar Joint,
Elberey Joank, and Wrist Jomt are aa par ATP 2001, ATP 2003, and ATP 2005 respectnaly. The vibration test [or the Shoulder Jairt, and Elbow
of VWISl Jount are ax pae ATP 2002, ATP 2004 aned ATP 2008 respacivity. Thorough wirk funcioon, conbnulty and shctircal oolston sts ane
perfarmed par TR 283,

MECHAMICAL ARM REASSEMELY - The SPA'w Joinds undargs a mechanical arm nbagration stage whare aiectrical checks ars performed
par TP 2007.

MECHAMICAL ARM TESTING - The outgoing split-arm i corfigured on the Strongizack and the Manipdaior Arm Checkou is peeformed
per ATE.1932.

FLIGHT CHECKOUT: FDRE OF2 Chatkaut {all vahiclas) JAC 18987,

Unns are manufastured under documemted quality corbrais, Thesse cordrobe an sasrcised Ihroughout design procureensnt, panning,
retdnang, precessing, fabrication. sexamily. testing and shipping &f the units, Marsiptary irspoctinn paints are emploved af vanous stages of
fapncaton, assembly, and test. Covemment sourcs imopecicn bs volond o various conlrl Evets,

EEE parts inspaction in parformed oy mauired by SPAR-RME-FA DD3. Each EEE part is qualifed at the part kevel ta the requinsments af the
appicahie Specifcation. AN ECE parts am 100% scresned and burbed-in, &5 2 MINATWM, 35 required by BPAR-FME-PA.DDS, by the supplier,
DPA s performed as required by PAGOS on & ssdemly seleched 5% of parts, maimurn § pisees, minimom 3 pleces for each b numbandste
code of pants eeeived. All cavty devicas am subjacted o 100% PIND. Wire |s procured 1o specifcainn MILAY-Z2759 or MIL-YW-B1281 and
Irsptcied ang tested o NASA JESCMEOED Sandand Membmar 954,

Rieceiving inspection vadfes that i partx racsived are ms iduntifed in the procurement doguments, that no physdl damage s accumed ta
parts Quning shipment, that the receiving documens provice sdequats iracaability information and screening data cleary identfles acceplebie
parts.

Farta pre ingpected thraughout ranifacture and assembly as appropriste to the manutictomng stage earpleled. Thasa inspectiofs INCIGe

Prirted circuit board imspesstion for track separation, damage and adeguacy af plated through hakes, samparent mourting Inspection for
cormect soldering, wire koping, almpping, aie. Operetors and inspecters ane imined and certifled le NASA NHE 5300.4{3A-1} Standard.
Contarmnal coating inspection lor adequote processing is perfoarmed wsing travinket Bght techniques  P.C. Boand Instaliation nspaction nc
checks for cormect board installation, aigrment of boards, praper conrwciar contact Matng, wire royting, strapping of wires ete. Posl P.C.
Brard nstaliaon inspection inciudes cleaniiness and workmanship {Spargovermment rep. mandatony Irapaction pant,

Prapared:  165spHE by Fung, Bill Supsrsedas: Nk
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' Unit Pre-Apceptarme Te inspootion, which inchudes an 2udi of iovwer her inspaction compietion, as byilf configuration varifization to as
deaign ete [mandatary inspection palrt), A unit Test Readwress Raview [TRE) which includes verfflcation of test parsannet, lest documents,

test equipment calibrationfvalidation slate and harcwars CoNRGURTON I8 convansd by QA iR CONjunction with Engireanng, Relabity,
Conhguration Cantrol, Suppiler as appilcable, and the government representative, prior to the start of any fomal teating {Acceptance ar
Qualibeation). Unik kvel Acceptance Testing (A TP) includes ambient pafformance, Memmal and vibratian testing (Sperisovemmant rap
nrndslory nspechon polnt].

Itingration of umil ta Joint SRU - nspections sclude grounding civeoks, cannesters for bent of pushback conlacts, veuml, clepnbness,
Intercgrnest wiring andt power up test 1o the appropriate Jowl Inspection Tess Procedurs {ITP). Joimt kevel PresAccepiance Test Inspeclan,
[ncides an awdt af iower ther inspecion compoleton. as bubt configurikan verilcation i as deslgn atc, Joint level Accaptance Testing (ATP)
inciudes ambient and vibrabon testng (Soangvermment rep. mandabony inspestion poirt).

Mechanical Arm Reaszembly - the integration of mechanicat arm subassembiles to form the assembled anm. Inapections are performed at
each phase of infegration whiah inoludes siecincal cheois, nsugh wirng dhedles, wiring routing, interface connectors for bent of pushback
conbEets ebe, Mechanical Arm Testing - Strongback and Nat Moor amient periomance test (Sparfgove mment rep. mandatory ingpection goint).

DOMRSD Cffline: Power-up am. Werlfy no MDA Demand Voltage and TGO BITE smors.

OMRED Cmiline  Mane.
Installalion:

OMRSD Onlma  Powsr-up mm. Verifyma MOA Demurg Yoltepa and TGO BITE emors.
Turmarsund:

Ecreen Fallura: A Faxs
B: Paas
C: Pass

Crew Training: The crew will be framed to abways Skoustve whothi Tha arm b mosasdieg sropendy b commands. IF i lsnl, apply brakss
Craw Aetlan: Sokect Drdel Oevnd F svalable. IF DD ot availkable calect Back-up Cniva. BinglaDiract Drive sudstah should ba pulsed 1o mainui.n proper Mates,

Oparationa! Effect: Cannot usa Computer Supparted medes. Dirsct Crive may ne! be aviiabia. Autobrales. Back-up i saiable. Arm will net stap ubeamalesally o
faiure of the Jutoblake SYSIEM hat previoUsly Cecumed, Drakes can be appied manuaty.

Miszion Operale wsder vernler rates within approsdnaiely 10  of sbruchure, The operator st e able to detect that the am is resporcng proparty ko
Constraints: commands wWa window andior CCTV views during ail arm oparations.  Auto trajeciories must be deeigned to come no closer than approameatety

S I fromm structure,

pprovaly:

‘unctlonal Group Marne Fosition Telephione Date Bigned  Status
inginesr Hitz, Michael / SPAR-BRAMPTGN Synlema Engineer T OSMarss Sigred
tallability Molzaard, Lena / SPAR-BRAMFTON  Pelibilily Enginoar 4520 O6Marss Shgred

'ragram Management Ole  Rice, Cmig/ SPAR-BRAMPTLN Tachubal Program Marger A5 QEMares Shgrad
ibmymtern Manager Glern, Gosme i JSCER RMS Subsystem Marager _ (287) 4831516 30MargE Sigrad
‘eghnical Manager Allison, Ren { JSC-MVE RME Froject Engineer J3C [713) 4824072  CDApreS Sigred

- ¢ TP

ArY o Misias Routastl — Coars, Dot /3rc-prca  Bms Sowd Lol Gonbils (26} $43~FPFT Jo AT Za
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